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(54) OXIDATION OF ORGANIC SLUDGE 
(57)Abstract 

PROBLEM TO BE SOLVED: To eliminate the use of expensive 
chemicals or devices, prevent color ing a treated solution and 
suppress the corrosion of a reactor. 

SOLUTION: In a method for wet-oxidizing an organic sludge, organic 
materials in the sludge are oxidation-decomposed by impressing DC 
voltage 3 to the sludge under a high temp, and high pressure. The 
oxidation is carrier out in a reactor 1 having a metal made inner wall 
surface, the metallic inner wall surface enables to act as a cathode, 
the sludge to be treated is preferably controlled to ≥0.5mmol/l in 
chlorine ion concentration and at the time of applying DC voltage, a 
chlorine producing electrode can be used as an anode 2. 
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[Title of the Invention] 

Method Of Oxidative Treatment Of Organic Sludge 
[Claims] 

[Claim 1] A method of wet oxidative treatment of an organic sludge 
which comprises applying a direct current voltage to the sludge 
under high temperature and high pressure conditions to effect the 
oxidative decomposition of organic substances in the sludge. 
[Claim 2] A method of the oxidative treatment of an organic sludge 
of claim 1, wherein the oxidative treatment is conducted by using 
a reactor whose inner wall surface is made of a metal and is allowed 
to act as a cathode. 

[Claim 3] A method of the oxidative treatment of an organic sludge 
of claim 1, wherein the sludge to be treated is adjusted so as to 
have a chlorine ion concentration of at least 0.5 mmol/L. 
[Claim 4 ] A method of the oxidative treatment of an organic sludge 
of claim 1, wherein the application of the direct current voltage 
uses a chlorine generating electrode as the anode. 
[Detailed Explanation of the Invention] 
[Technical Field to which the Invention Belongs] 

The present invention relates to a method of oxidative 
treatment of an organic sludge and particularly, it relates to a 
method of wet oxidative treatment of an excess organic sludge to 
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be generated by biological treatment of a sewage. 
[Prior Art] 

A method of biologically treating a sewage which is 
represented by the standard activated sludge processing method is 
widely used in cleaning an organic sewage. However, in this method, 
excessive organic sludge is generated in proportion to the amount 
of the decomposed organic substances and causes a big problem of 
disposing the same. The method of treating an organic sludge is 
divided into a dry treatment method such as incineration and melting, 
and a wet treatment method such as alkali treatment, anaerobic 
digestion and aerobic digestion and of the wet treating methods, 
a heat treatment method of solubilizing the organic sludge at a 
high temperature of 150°C or higher and a wet treatment method of 
subjecting an organic sludge to oxidative decomposition under high 
temperature and high pressure conditions by adding an oxidizing 
agent such as air and hydrogen peroxide and an oxidation catalyst 
have been proposed. 

However, the conventional heat treatment method has problems 
such that the treated liquid of a solubilized organic sludge is 
discolored and cannot effect decoloring in the successive steps 
and the treated liquid becomes to have a malador . On the other hand, 
the wet oxidative method requires use of an expensive oxidation 
catalyst and excess addition of an oxidizing agent, and thus causes 
a problem of an increase in running expense. Further, use of air 
and oxygen as the oxidizing agent needs a high-pressure compressor, 
and thus there has been a problem of increasing apparatus cost. 
Furthermore, since the heat treatment method, above all, the wet 
oxidative treatment is an oxidative reaction under high temperature 
and high pressure conditions, such a problem has been caused that 
corrosion against a metal is very severe and from the standpoint 
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of high demand of corrosion resistance of the material of the reactor, 
the rise in the production cost of the reactor is unavoidable. 
[Problems to Be Solved by the Invention] 

The present invention has an object to solve the above 
described conventional problems and to provide an oxidative 
treatment method of an organic sewage which neither uses expensive 
agents and apparatus nor discolors the treated liquid and can 
prevent the corrosion of a reactor. 
[Means to Solve the Problems] 

In order to solve the above described problems, in the present 
invention, a wet oxidative treatment method of an organic sludge 
is characterized in that a direct current voltage is applied to 
the sludge under high temperature and high pressure conditions to 
effect the oxidative decomposition treatment of the organic 
substances in the sludge, and the oxidative treatment is conducted 
in a reactor having a metallic inner surface which can be allowed 
to act as the cathode, and the sludge to be treated has preferably 
been adjusted to have a chlorine ion concentration of at least 0.5 
mmol/L, and furthermore the application of a direct current voltage 
can also be conducted by using a chlorine generating electrode as 
the anode . 

[Embodiments of the Invention] 

The present invention will be explained in detail below. The 
present invention installs at least one pair of electrodes on a 
reaction vessel and continuously or intermittently applies a direct 
current (which may be a pulse) to a sludge to be treated under high 
temperature and high pressure conditions under which the 
conventional wet oxidative method is conducted, that is, at 120 
to 370°C under a siibcritial condition of at least a saturated vapor 
pressure of water or furthermore under a supercritical condition 
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to decompose the organic substances in the sludge with a chlorine 
based oxidizing agent generated at the anode or oxygen. By using 
the inner wall of the reactor as such as the cathode, the corrosion 
of the reactor can be prevented. For this reason, the material of 
the reactor to be used as the cathode is preferably a metal and 
in addition to the conventional hastelloy and titanium, inexpensive 
carbon steel, stainless steel or the like can also be used. 

According to this constitution, when scales are formed on the 
inner wall of the reactor, the scales can be easily be removed by 
conducting polarity inversion. Further, when the chloride ion 
concentration in the liquid to be treated is low, addition of a 
chloride ( such as sodium chloride, potassium chloride and 
hydrochloric acid) or use of a chlorine generating electrode as 
the anode accelerates the oxidative decomposition of organic 
substances. The reaction mechanism of the present invention can 
be thought as follows . When a direct current voltage is applies 
between the cathode and the anode, three types of reactions proceed 
at the anode . 

Direct anode oxidation of organic substances 

Organic Substance — * C0 2 T + H 2 0 + e" (1) 

Formation of oxygen by electrolysis of H 2 0 

H 2 0 -> 1/20 2 T + 2H + + 2e" (2) 

Formation of chlorine by electrolysis of CI" 

2C1" -* C1 2 T + 2e" (3) 

Furthermore, it can be thought that the oxygen formed in the 
reaction (2) reacts with organic substances, 

Organic Substance + 0 2 — » C0 2 T + H 2 0 (4) 
and the chlorine gas formed in the reaction ( 3) , through hydrolysis , 

Cl 2 + H 2 0 -» HC1 + HC10 (5) 
reacts with organic substances . 
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Organic Substance + HCIO — » C0 2 T + H 2 0 + HC1 (6) 
Thus, by adding electrolysis, it is possible to directly 
subjecting organic substances to oxidative decomposition at the 
anode or to form nascent oxygen and a chlorine based oxidizing agent 
which have extremely high reactivity in situ. Further by 
increasing the chloride ion concentration in the liquid to be 
treated and, simultaneously, using a chlorine generating electrode 
having a high chlorine generation efficiency, it is possible to 
further increase the decomposition ratio of organic substances. 
On the other hand, at the cathode H 2 0 is electrolyzed as the main 
reaction, 

H 2 0 + e" -> 1/2H 2 T + OH" (7) 
and a hydrogen gas is formed. Here, when the inner wall of the 
reactor is used as the cathode, the so-called cathode protection 
of the reactor can be effected. 

The anode to be installed on the reactor may be any insoluble 
electrode. For example, an electrode obtained by plating or firing 
a stainless steel or titanium substrate with platinum can be used 
but a chlorine generating electrode having a high chlorine 
generation efficiency which can be obtained, for example, by plating 
a titanium substrate with ruthenium or forming a ruthenium film 
on a titanium substrate by firing is more preferably used . The shape 
of the anode is such as to render any space between the inner wall 
of a reactor and the electrode uniform and, for example, when the 
reactor is of a cylindrical shape, also the shape of the electrode 
is preferably cylindrical . The electrode as such may be in any shape 
of a mesh, a network or a plate. With shorter distances between 
the inner wall of the reactor and the anode, that is, with shorter 
inter-electrode distances , the electrolytic voltage is more reduced 
but there is a fear of clogging due to suspended solids and thus. 
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the inter-electrode distance is desirably about 3 to 10 mm. When 
a chlorine generating anode is used, it is preferred that the 
chloride ion concentration in the liquid to be treated is adjusted 
to at least 0.5 mmol/L by adding sodium chloride or potassium 
chloride. Also brine can naturally be added as the chloride ion 
source. With chloride concentrations of the liquid to be treated 
of not more than 0.5 mmol/L, the production efficiency of chlorine 
based oxidizing agents is reduced and in some cases the oxidative 
decomposition ratio of organic substances becomes insufficient. 
[Example] 

The present invention will be concretely explained below 
Example 1 

Fig. 1 shows a schematic view of the constitution of the 
experimental apparatus used in the examples. In Fig. 1, numeral 
1 is an autoclave; numeral 2 is a platinum- plated electrode; numeral 
3 is a power source; numeral 4 is a stirrer, numeral 5 is an cover 
of the autoclave; and numeral 6 is a back-pressure valve. 

An autoclave 1 (made of SUS 304 and having an internal volume 
of 300 mL) was equipped with a platinum-plated electrode 2, and 
150 mL of an organic sludge were placed therein and subsequently 
an argon gas of substantial 70 atmospheric pressures was injected 
thereinto. The major properties of the organic sludge used are 
shown in Table 1 but the chloride ion concentration was 0.5 mmol/L. 

The reaction was conducted at 250°C for two hours by using a 
platinum-plated electrode 2 as the anode, and the autoclave body 
1 as the cathode under a constant condition of an electrolytic 
current of 6A and an electrolytic voltage of 10V. The reaction 
pressure was constantly maintained at 70 atmospheric pressures by 
a back-pressure valve 6. After current application for two hours, 
the autoclave heating heater and current application to the 
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electrodes were stopped to quickly cool the autoclave. The gas 
after the treatment was odorless, and the treated liquid was 
constituted of an almost transparent yellowish liquid and 
precipitates. The settling properties of solids included in the 
treated liquid were good. Further, no corrosion was observed 
within the autoclave. The results of the treatment are set forth 
in Table 1 . 
Example 2 

An electrolytic treatment was conducted by using a ruthenium 
oxide (Ru0 2 ) -fired electrode and adding NaCl to the same sludge as 
in Example 1 so as to render the chloride ion CI" concentration 10.0 
mmol/L. Further, the other conditions were the same as in Example 
1. The gas after the treatment was completely odorless, and the 
treated liquid was completely transparent. The settling 
properties of solids present in the treated liquid were good and 
no corrosion within the autoclave was observed. The results are 
set forth in Table 1. 
Comparative Example 1 

The thermal decomposition of a sludge was conducted without 
using the electrodes under the same conditions as in Example 1 . 
The gas after the treatment strongly smelled and the treated liquid 
was black with inferior precipitation properties of suspended 
substances to the precipitation properties of suspended substances 
in Examples 1 and 2. A trend of proceeding corrosion of the inner 
wall of the autoclave was slightly observed. The results of the 
treatment are set forth in Table 1. 
Comparative Example 2 

A wet oxidative treatment with oxygen was conducted by placing 
150 mL of an organic sludge sample in an autoclave equipped with 
no electrodes and subsequently injecting argon of substantial 60 
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atmospheric pressures and oxygen of substantial 10 atmospheric 
pressures into the autoclave. Then, heating of the autoclave was 
initiated and the temperature of the autoclave reached 250°C in one 
hour. The wet oxidative treatment was conducted for two hours under 
a constant condition of 250°C and 70 atmospheric pressures, and then 
the autoclave was quickly cooled. The gas after the treatment was 
odorless and the treated liquid was brown. The settling properties 
of solids present in the treated liquid was good. Here, vigorous 
corrosion within the autoclave was observed. The results of the 
treatment are set forth in Table 1 . 
Table 1 
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Example 2 


Compara- 
Tive 

Example 1 


Compara- 
Tive 

Example 2 


Treatment 


Temperature ( °C ) 
Pressure (atm) 




250 
70 


250 
70 


250 
70 


250 
70 


Conditions 


Electrolytic Current (A) 




6 


6 


0 


0 




Reaction Time (h) 




2 


2 


2 


2 




Oxygen ( atm ) 




0 


0 


0 


0 


MLSS (mg/L) 


12,000 


3,420 


2,988 


4,275 


3.750 


MLVSS (mg/L) 


9.800 


1, 662 


1,309 


2,438 


1 , 720 


TOC of Supernatant Liquid (mg/L) 


10 


1 , 349 


986 


2,970 


1. 800 


COD of Supernatant Liquid (mg/L) 


5.4 


888 


396 


3,100 


2.332 


PH 


7.3 


5.71 


4 . 71 


6.36 


5.2 


Chromaticity of Supernatant Liquid 


Trans- 


Pale 


Trans- 


Black 


Brown 






parent 


Yellow 


parent 






Odor of Treated Gas 


None 


None 


None 


Malodorous 


None 


Corrosion 


within Autoclave 




None 


None 


Present 


Vigorous 



[Effect of the Invention] 

According to the present invention, the following effects can 
be brought about . 

(i) A high-pressure compressor for injecting air or oxygen is not 
required. 

(ii) Use of an oxidizing catalyst is not required. 

(iii) Corrosion of the reactor can be prevented. 

(iv) The reactor can be made of an inexpensive metallic material. 

(v) Both apparatus cost and running expense can be reduced. 
[Brief Explanation of the Drawings] 
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Fig. 1 is a schematic view of the constitution of the 
experimental apparatus employed in Example 1 . 
[Explanation of Reference Numerals] 

1: an autoclave, 2: a platinum-plated electrode, 

3: a power source, 4: a stirrer. 

5: a cover of the autoclave, 6: a back-pressure valve 
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